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I. ABSTRACT:
Cellular differentiation is dependent upon precise regulation
of gene activity. Nucleosomal superstructures such as the 30 nm
solenoid sequester chromatin, making it inaccessible to
transcription factors. Histone HS, a linker histone, is a protein that
maintains chromatin in an inactive state. In an attempt to
investigate HS's role in inhibiting transcription, histone HS was
amplified from genomic chicken DNA (CHKHS) and restriction sites
.. -
Pacl and Kpnl were added to the ends by Polymerase Chain Reaction
(PCR). T-A overhang cloning was implemented to insert CHKHS into
vectors pGEM3Z, pUC18, and pSL301. Vectors were introduced into
Escherichia coli JMl 09 by electroporation.
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II. INTRODUCTION:
In order to improve current understanding of gene regulation
histones and their interactions with DNA must be well
characterized. Gene regulation is responsible for cell
differentiation and cellular development.' Histone HS is of
particular interest, since it is responsible for locking chromatin
into chromatosomes and higher order structures which inhibit
transcription and replication. Experiments designed to investigate
HS activity will enhance current understanding of DNA packaging,
gene regulation, and may be applied to the study of disease states
such as cancer.
The DNA-binding protein, HS, belongs to a class of proteins
referred to as histones. Histones are proteins found in association
with DNA. Histones H2A, H2B, H3, and H4 are highly conserved
proteins that range in size from 100 to 135 amino acids.2 All the
histones are lysine rich, while H3 and H4 also contain a number of
arginine residues.2
The histones' basic residues interact ..-slectrostaticly with the
negatively charged DNA backbone and with other histones. The
histone-histone interactions form an octomer with a H2A2, H2B2,
H32, H42 composition. The histone octomer represents the core
around which DNA winds 1.8 times3 forming a nucleosome.
Nucleosomes are involved in the folding and unfolding of eukaryotic
DNA, which ultimately regulates gene expression3 by inhibiting
transcription factors from binding DNA.4 Once, nucleosomes are
removed from chromatin there is an increase in mRNA production
demonstrating that nucleosomes inhibit transcription.'
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Th~hh histone, Hl, is not included in the nucleosome coreZ
nor is it essential to nucleosome formation.1 ,3 Histone Hl binds to
the outer surface of the protein-DNA complex where the double helix
encircling the octamer enters and leaves the nucleosome core. A
chromatosome consists of 168 base pairs of helical DNA,
approximately two full turns of DNA,3 associated with one histone
octamer and a molecule of Hl.2 The .packaging of DNA by the 5
histones condenses DNA about 50 fold.2
Linker histones (Hl, H5, H10) promote the compacting of DNA in
the cells of multicellular organisms. 1 Chromatin containing linker
histones condenses into a 30 nm solenoid,2 a helical arrayS with 6
nucleosomes per turn. The 30 nm fiber correlates to the resting
state of chromatin. It may repress transcription by making DNA
sequences inaccessible to transcription factors. 4
By microinjecting proliferating rat myoblasts with either H5
or H1 Bergman and associatesS demonstrated that linker histones
cause cells to become transcriptionally inactive and enter Go-
Pulse-labeling of injected cells with [3H]uridine and [3H]thymine
showed that H5 blocked transcription and replication substantially,
and that the chromatin of the injected cells became densely
compacted.S The results of Bergman and associatesS support
previous speculations that Hl and H5 are involved in chromatin
condensation2 and demonstrate that chromatin activity is related to
DNA topology.3
In order to dispel concern that linker histones affect cellular
activity by causing a sudden change in pH Bergman and associatesS
microinjected protoamine and lysozyme, basic proteins, into
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proliferating rat myoblasts and monitored the effects on
transcription and replication by pulse-labeling with [3H]uridine and
[3H]thymine. Initially transcription was disrupted, but the effect
was not maintained.s Condensation does not result from a change in
pH, which may be predicted by the basic nature of the histones,
rather condensation results from interaction between the linker
histone and DNA.
Histone HS, a linker histone, occupies the same position as Hl
in the chromatosome, and its overall structure and function is
similar to that of H1.6 There is some homology in the C-terminal
regions of Hl and HS6 (Fig. 1). HS like Hl inactivates chromatin by
maintaining it in a condensed state.s,? Histone HS is a tissue
specific protein6 which accumulates during cellular maturation? in
the nucleated erythrocytes of birds, fish, and amphibians.S
Bergman and associatesS concluded that HS has a higher
binding affinity for nucleosomes than Hl, since HS was more
effective at blocking transcription and replication at lower
concentrations. Increased binding affinity may result from the
additional Lys and Arg residues present in HS.9
Histone HS (Fig. 1) has 3 structural domains: an extended
amino-terminal region of about 20 to 40 residues; a 80 amino acid
central globular region containing positively charged residues; and, a
100 amino acid carboxy-terminal region containing positively
charged residues.8 The carboxy-terminal region of HS interacts
with DNA in a nonspecific manner,8 and does not result in an
extended protection area from micrococcal nuclease digestion,9
therefore it is not responsible for binding specificity.
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Hartman and associates10 demonstrated that the globular
region of HS (GHS) affords chromatin the same nuclease protection
as native HS. Segers and associates8 demonstrated that GHS binds
both nucleosome core particles and chromatosomes stripped of
H1/HS supporting Hartman's findings. Since GHS forms
chromatosomes, provides the same protection from micrococcal
nuclease as HS, and structurally resembles catabolite gene activator
protein (CAP), a DNA binding protein,9 this indicates that GHS is
responsible for HS's binding specificity.
Segers and associates concluded that GHS interacts with the
two 10 base-pair extensions on the linker histone stripped
chromatosome. The involvement of the extensions was detected by
comparing the results of two independent aggregation and
precipitation reactions. In one in vitro study GHS was mixed with
linker histone stripped chromatosomes and in the other GHS was
mixed with nucleosome core particles lacking the 10 base-pair
extensions. In the latter case the chromatin aggregates and
precipitates in a 3:1 DNA to GHS ratio, while in the former case
aggregation does not occur. Aggregation in the nucleosome reaction
indicates that GHS has additional DNA-binding sites, which are
normally blocked by interaction with the DNA extensions inhibiting
aggregation. The binding sites consist of a native site with high
binding affinity and additional low affinity sites.8 Binding occurs
first in the high affinity site, which blocks the lower affinity sites
from binding DNA when the 10 base-pair extensions are present.
Since GHS binds nucleosome core particles8 Allan and
associates11 investigated both the mode of interaction and the
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sequence dependence of GHs activity. Both wild-type and mutant
GHs were cloned into Escherichia coli. Mutants were the result of
site directed mutagenesis at Lys 64 of GHs (Lys 85 in Hs). Lysine 64
was chosen because it is a highly conserved residue and because
Thomas and Wilson12 demonstrated Lys 64's involvement in DNA-
binding. Lysine 64 was the most protected from reductive
methylation indicating its involvement in chromatosome
formation.12
Mutation of Lys 64 to either Glu 64 or Gin 64 did not
drastically alter protein conformation, since trypsin digestion
resulted in similar protection for both native and mutant GHs.1 0,11
Mutations resulted in altered micrococcal nuclease digestion
patterns with mutant Glu 64 providing the least protection from
nuclease digestion. Decreased micrococcal nuclease protection
indicates that mutant GHs's binding ability has been altered. Allan
and associates14 concluded that Lys 64 participates in
chromatosome formation, which is demonstrated by it's protection
from reductive methylation.12 Since Lys, Glu, and Gin are of roughly
equal size only differing in charge, any alteration in Hs activity
resulting from the substitution may be attributed to a change in
charge at residue 64 indicating that Lys 64 interacts
electrostaticaly with the nucleosome.
In 1992 Shwed and associates13 investigating histone Hs's
involvement in transcription regulation cloned Xenopus laevis
histone Hs (XLHs) into yeast Saccharomyces cerevisiae. Although
XLHs was expressed by the yeast and expected to inhibit
transcription, there was no apparent affect on cell proliferation. If
6
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HS blocks transcriptionS than XLHS production in yeast should result
in the termination of transcription, replication, and ultimately
result in cell death.
Since galactose induction of XLHS did not result in an
immunodetectable product until 4 hours after induction, Shwed and
associates speculated that XLHS was expressed only at late-log, the
stationary phase, at a time when little or no growth occurs.
Deleterious affects would not be detectable in non-proliferating
cells. In addition the induction product was 27% smaller than native
XLHS and may have lacked some binding ability resulting in
decreased activity.
To enhance current understanding of HS's role in gene
regulation and sequence dependence this research project will
determine the effect of site directed mutations in the GHS on the
protein's ability to inhibit transcription. Functional mutants are
expected to inhibit transcription when cells are induced to produce
HS despite the results of Shwed and associates.' 3
Histone HS was amplified from genomic chicken DNA (CHKHS)
and restriction sites Pacl and Kpnl were added to the ends by
polymerase chain reaction (PCR). T-A overhang cloning was
implemented to insert CHKHS into vector plasmids pGEM3Z, pUC18,
and pSL301. Vectors were introduced into Escherichia coli JM1 09 by
electroporation. It was then intended that CHKHS be cloned into a
yeast shuttle plasmid under a GAL10 promoter and transfected into
yeast Saccharomyces cerevisiae by the lithium acetate
transformation method. Once under the promoter the effect of wild-
type and mutant CHKHS on cell proliferation could be determined.
7
The investigation of mutant CHKHS effect on transcription will
indicate the extent of HS's sequence dependence for optimal
activity, and should support previous findings that HS-DNA
interactions are electrostatic and that HS inhibits transcription.
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III. Materials and Methods:
A. Materials:
All restriction enzymes, restriction buffers, and bovine serum
albumin (BSA) were purchased from New England Biolabs. The buffer
compositions were: NEBuffer for EcoRI [50 mM NaCI, 100 mM Tris-
HCI, 10 mM MgClz, 0.025% Triton X-lOa (pH 7.5 @ 25 OC)]; NEBuffer
for BamHI [15 mM NaCI, 10 mM TRIS-HCI, 10 mM MgClz, 1 mM
dithiothreitol (pH 7.9 @ 25 OC)]; and, NEBuffer #4 for the Smal
digestions [50 mM potassium acetate, 20 mM Tris-acetate, 1a mM
magnesium acetate, 1 mM dithiothreitol (pH 7.9 @ 25 OC)]. PCR
reagents: Taq polymerase, PCR buffer, and dNTPs, were purchased
from Promega (Madison, WI). AmpliWax was purchased from Perkin
Elmer Cetus. Unpurified chicken H5 primers: BUP-CHKH5, BLP-
CHKH5, CHKHS-LP, and CHKH5-Pacl (Figures 2 and 3) were purchased
from OPERON Technologies, Incorporated (Alameda, CA). Genomic
chicken DNA (CHKH5) was previously isolated from chicken blood
purchased from Lampire Biologicals (Pipersville, PA).
Polyacrylamide and agarose gel electrophoresis molecular weight
markers Mspl, phiX174 RF DNA Haelll digest, and ,,-Hindlll digest
were purchased from New England Biolabs (Beverly, MA).
Phosphorylation reagents: T4 polynucleotide kinase, 10X T4 buffer,
and polyethylene glycol (PEG) 8000 were purchased from United
States Biochemical (Cleveland, OH). Ligation reagents: ligase and
ligase buffer were purchased from United States Biochemical
(Cleveland, OH) as well as shrimp alkaline phosphatase. Promega's
Wizard Minipreps DNA purification systems (Madison, WI) were used
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for plasmid isolation and purification from host cells. ampicillin
was purchased as the Na+ salt from Sigma (St. Louis, MO).
Escherichia coli JM1 09 has the genotype: recA-, end A1, gyrA96, thi,
hsdR17, supE44, relA 1',,-, ~(Iac proAB)[F, traD36, proAB, laclqz,
~M15] and was originally purchased from Clontech (Palo Alto, CA).
B. Instrumentation:
PCR were conducted in an MJ MiniCycler: Programmable
Thermal Controller, Model PTC-150 (Watertown, MA).
Electrotransformation of host cells was accomplished using a Bio-
Rad Gene Pulser attached to a Bio-Rad Pulse Controller (Melville,
NY). DNA was concentrated in a Savant Speed Vac concentrator
attached to a Savant refrigerated condensation trap. Cell cultures
were incubated in a Lab-line Orbit Environ-Shaker (Melrose Park,
ILL) and in a Precision gravity convection incubator by GCA
Corporation (Chicago, IL). Samples were spun down in a Beckman
Microfuge Model E (Palo Alto, CA). The vacuum manifold used in the
purification of plasmids was by Promega (Madison, WI). The UV-VIS
model DU-64 Spectrophotometer was from Beckman (Palo Alto, CA).
C. Chicken H5 amplification by PCR:
The chicken HS gene (CHKHS) was amplified by PCR in a MJ
MiniCycier. The reaction mixture consisted of 10.0 f.11 of PCR buffer,
16.0 f.11 of a 1:8 dilution of dNTPs, 5.0 f.11 of a 25.5 f.1M primer (BUP-
CHKH5), 5.0 f.11 of a 25.5 f.1M primer (BLP-CHKH5) (Fig. 2, A and B), and
an AmpliWax bead at a final volume of 100 f.11. After initiating the
10
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PCR with a 10 minute cycle at 80 ~ 3.0 III of 0.21 14 Ilg/1l1 genomic
DNA containing the CHKH5 sequence and 0.5 III of Taq polymerase
were added on top of the AmpliWax.
The amplification consisted of 25 cycles of: 1 minute and 15
seconds at 94~, 1 minute and 30 seconds at 44 ~, and 2 minutes at
72~. Amplification was followed by a prolonged extension cycle
that consisted of: 1 minute and 15 seconds at 94 ~, 1 minute and 30
seconds at 44 ~, and 30 minutes at 72 ~.
D. Addition of restriction sites Pacl and Kpnl to
amplified CHKH5 by PCR:
The PCR reaction mixture to add restriction sites consisted of
10.0 III of PCR buffer, 16.0 III of a 1:8 dilution of dNTPs, 5.0 III of a
25.5 11M primer (CHKH5-LP), 5.0 III of a 25.5 11M primer (CHKH5-Pacl)
(Fig. 3, A and B), and an AmpliWax bead at a final volume of 100 Ill.
The reaction mixture was heated to 80 ~ for 10 minutes and then
3.0 III of CHKH5 at a concentration of 3.0 Ilg/50 III and 0.5 III of Taq
polymerase were added.
The amplification consisted of 25 cycles of: 1 minute and 15
seconds at 94~, 1 minute and 30 seconds at 38 ~, and 2 minutes at
72~. Amplification was followed by a prolonged extension cycle
that consisted of: 1 minute and 15 seconds at 94 ~, 1 minute and 30
seconds at 38 ~, and 30 minutes at 72 ~.
Annealing temperature (Ta) and the primer GC content were
calculated using the computer program OLIGO.' 4
E. Preparation of PCR primers:
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Primers were prepared in 10X TE buffer [1 X TE composition:
(10 mM Tris, 1 mM EDTA)] and the concentrations determined by
absorption spectroscopy at 260 nm.
F. Preparation of Genomic DNA for PCR:
Genomic chicken (CHK) DNA was prepared from a stock solution
of CHK DNA. Genomic CHK DNA was incubated with EcoRI at 37 ce for
2 hours and then digested with Proteinase K for 1 hour and 30
minutes at 37 ce. Digested CHK DNA was extracted twice with equal
volumes of buffered phenol and extracted twice with phenol-
chloroform. After pelleting the sample from absolute ethanol and
washing twice with 70% ethanol the CHK DNA was dried in a
SpeedVac Concentrator. The CHK DNA was resuspended in 1X TE
buffer and the concentration was determined by absorption
spectroscopy at 260 nm.
G. Polyacrylamide Gel Electrophoresis of PCR
Products:
Five microliters of a 30% glycerol stock containing
bromophenol blue and xylenecyanol was added to 20 ~I of PCR
product. The total volume was added to a 6% polyacrylamide gel
with 0.8 cm spacers. The gels (Fig. 4 and 5) were kept at 300 V for
2.5 hours. The length of the PCR product was determined by
comparison to the molecular weight marker, Mspl.
H. T-A Overhang Cloning of CHKH5 with restriction
sites (Fig. 6):
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1. Preparation of vectors (pGEM3Z, pUC18, and
pSL301) for T-A overhang cloning:
Twenty five micrograms of each vector was linearized by
digestion with 3.0 ~I (24,000 U/ml) Smal, 5.0 ~I NEbuffer #4, and
distilled H20 (dHzO) up to a final volume of 50.0 ~1. The Smal
digestion mixture was heated to 25 OC for 2.5 hours followed by 10
minutes at 65 OC in an MJ MiniCycier.
The linearized plasmid was extracted with 100 ~I cold
phenol/chloroform isoamyl alcohol after vortexing and centrifuging
for 2 minutes. One hundred microliters of cold absolute ethanol was
added to the aqueous layer. The mixture was vortexed and
refrigerated at -70 OC for 20 minutes. Solvent was removed from
the pellet after 10 minutes on the centrifuge. The pellet was
washed twice with 1.0 ml portions of cold absolute ethanol and
resuspended in 1X TE buffer. The concentration was determined by
absorption spectroscopy at 260 nm.
A thymine (T) overhang was added at the 3' end of the open
vector by adding 12 ~I of linearized vector to 10 ~I of 10 mM dTIP,
1.0 ~I (5 U/~I) Taq polymerase, 77 ~I dH20, and an AmpliWax bead.
The reaction was carried out in an MJ MiniCycler at 75 OC for 2
hours.
The reaction mixture for 5' dephosphorylation consisted of 4 ~I
of the linearized vector with the 3' T overhang, 1 ~I (5 U/~I) shrimp
alkaline phosphatase, 5 ~I dH20, and an AmpliWax bead. Incubation
was carried out in an MJ MiniCycier at 37 OC for 1 hour followed by
10 minutes at 65 OC.
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2. Preparation of CHKHS for T-A Overhang
Cloning:
The phosphorylation reaction mixture consisted of 2.038 I1g of
CHKHS with restriction sites, 0.5 111 (30 U/I1I) T4 Polynucleotide
kinase, 1.5 111 of 10 mM rATP, 1.5 111 10X T4 buffer, dHzO up to a final
volume of 15 111, and an AmpliWax bead. The phosphorylation
reaction proceeded for 1 hour at 37 «: followed by 10 minutes at
65 «: in an MJ MiniCyc\er.
3. Ligation:
The phosphorylated insert (PCHKH5) was heated to 65 «: for 10
minutes on a heating block. Five microliters of PCHKH5 and 10 111 of
the dephosphorylated vector were mixed and heated to 45 «: for 5
minutes and then chilled to 4 ac for 10 minutes after which 3.33 111
(45% w/v) PEG 8000, 2.5 111 ligase buffer, 2.0 111 (1 U/I1I) ligase,
2.17 111 dHzO, and an AmpliWax bead were added to the mixture.
Ligation was conducted in the MJ MiniCycier at 15 ac for 16 hours.
I. Electrotransformation of JM 109 with cloned
vectors:
All solutions, cells, cuvettes, and the electroporation chamber
were kept on ice during the procedure. Eighty microliters of JM109
competent cells were added to a 0.2 cm sterile cuvette along with
2.0111 of the vector. The Gene Pulser was set at 25 I1F and 2.50 KV,
and the Pulse Controller was set to 200 Q. Samples were
electroporated and 1.0 ml of cold SOC (20 g bacto-tryptone, 5 g
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bacto-yeast extract, 0.5 g NaCI, 20 mM filter sterilized glucose, and
950 ml dHzO) added to the cuvette. After chilling the electroporated
cell suspension on ice the total volume was added to 15 ml of LB
media (10 g tryptone, 5 g yeast extract, 6 g NaCI, 1 L dHzO) with
100 ~g/ml ampicillin and incubated overnight in a 37 OC shaker.
J. Harvesting transformed colonies:
Two per cent LB agar plates containing 100 I-lg/ml ampicillin
were coated with 100 ~I of a solution of 0.2 M Isopropyl-1-thio-~­
galactoside (IPTG) and 20 mg/ml 5-Bromo-4-chloro-3-indolyl-~-D-
galactoside (XGAL) in DMF. The plates were than dried in a 37 OC
incubator for 30 minutes. Twenty microliters of the overnight,
transformation culture were spread plated and incubated at 37 OC
overnight. Colonies testing negative for ~-galactosidase activity
were picked and inoculated into 15 ml of LB media with 100 ~g/ml
ampicillin and incubated overnight at 37 OC.
K. Smal digestion of transformation mix:
Transformed plasmids were isolated and purified from JM 109
cell cultures using PROMEGA's Plasmid Miniprep Kit. Twenty five
microliters of the purified plasmid were digested with 3.0 ~I
(24,000 U/ml) Smal, 5.0 I-li NEBuffer #4, 17 ~I of dHzO, and an
AmpliWax bead. The reaction was carried out in an MJ MiniCycler at
25 OC for 2.5 hours followed by 20 minutes at 65 OC.
One hundred and twenty-five microliters of cold absolute
ethanol was added to each digestion mixture, the solution vortexed,
and stored at -70 OC for 20 minutes. The sample was centrifuged for
15
10 minutes and the solvent removed. The washed pellet was dried on
the rotary evaporator and the pellet resuspended in 1x TE buffer.
The digested plasmids were retransfected into JM109 cells by
electroporation. The electrotransformed cell suspension was added
to 15 ml of LB media with 100 ~g/ml ampicillin and incubated at
37 OC overnight.
L. Identification of successfully cloned cultures:
Transformed plasmids were isolated and purified from JM 109
cell cultures using PROMEGA's Plasmid Miniprep kit. There were 3
plasmids pGEM3Z, pUC18, and pSL301 each received the Pacl-CHKH5-
Kpnl insert by T-A overhang cloning. The following restriction
reactions were conducted on each plasmid to determine, if the
cloning was successful.
Thirty-six microliters (0.14 ~g/lll) purified plasmid, 5.0 III
NEBuffer #1, 1.0 ~I BSA, 2.0 ~I Pacl, 2.0 ~I Kpnl, and 4.0 ~I dHzO at
37 OC overnight.
Thirty-six microliters (0.14 ~g/~I) purified plasmid, 5.0 ~I
NEBuffer for BglI, 1.0 ~I BSA, 2.0 ~I BglI, and 6.0 ~I dHzO at 37 OC for
2 hours followed by 20 minutes at 65 OC.
Thirty-six microliters (0.14 ~g/~I) purified plasmid, 5.0 ~I
NEBuffer #2, 2.0 ~I EcoRI, 2,0 ~I Hindlll, and 5.0 ~I dHzO at 37 OC for
1.5 hours.
Thirty-six microliters (0.14 ~g/~I) purified plasmid, 5.0 ~I
NEBuffer #4, 1.0 ~I BSA, 2.0 ~I Sacl, 2.0 ~I BamHI (added after 16
hour of Sacl digestion), and 4.0 ~I dHzO at 37 OC overnight.
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Either 0.6% agarose gel or a 6% polyacrylamide gel were run to
detect fragments depending on the size of the expected restriction
fragment.
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IV . RESULTS:
A. Amplification of CHKH5:
Before adding restriction sites H5 was amplified from genomic
L
DNA. The CHKH5 amplification product's concentration was
0.3 f!g/50 f!1. Polyacrylamide gel electrophoresis of the PCR product
from the blunt ended amplification of CHKH5 using primers BUP-
CHKH5 and BLP-CHKH5 (Fig. 2, A and B) and genomic DNA resulted in
a single band between 527 and 622 b'ase pairs (Fig. 4).
B. Addition of restriction sites Pac! and Kpnl to
CHKH5:
Product concentration after the addition of restriction sites
Pacl and Kpnl was 0.13 f!g/50 f!1. Polyacrylamide gel electrophoresis
of the PCR product using the primers CHKH5-LP and CHKH5-Pacl (Fig.
3, A and B) and the amplified CHKH5 product resulted in a single band
between 527 and 622 base pairs (Fig. 5).
C. Electrotransformation of JM 109 with vector:
Time constants for transformations are shown in Table 1.
Transformation cultures in LB media were turbid after several hours
of growth, but were allowed to grow overnight.
Round raised colonies grew on the agar plates containing
ampicillin and coated with IPTG-XGAL solution after a 24 hour
incubation period at 37OC. Plates contained both white and blue
colonies. Fresh LB media containing 100 f!g/ml ampicillin was
inoculated with the expected transformants, white colonies.
Cultures were turbid within several hours.
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D. Retransfection of vectors after Smal digestion:
When the isolated plasmids from the transformation cultures
were digested with Smal and retransfected into JMl 09 (Table 2),
cultures showed dense growth after a 24 hour incubation period.
Colony morphology was identical to that of the undigested
transformation mix except that the number of blue, untransformed,
colonies had decreased drastically.
E. Polyacrylamide Gel Electrophoresis of
Retransfection Products:
Plasmids isolated from the transformation culture and the
Smal digestion/retransfection were digested with Pacl/Kpnl,
Sacl/BamHI, 8gll, and EcoRI/Hindlll along with controls for each of
the plasmids. Controls resulted in the expected restriction
fragments, while no restriction fragments were detected for any of
the vectors. Results are not shown.
19
v. DISCUSSIQN:
Histone HS, like histone H1, is involved in forming higher order
structures, which regulate gene activity. Histone HS is particularly
interesting, because the single HS gene is independently regulated
from the other histones.1S Histone HS additions to proliferating
cells by microinjection result in the termination of transcription
and reduced micrococcal nuclease sensitivity, gene inactivation.s
There is no doubt that HS is a major player in gene regulation
through chromatin condensation, therefore investigation into HS's
mode of activation will enhance current understanding of gene
regulation.
Many of histone HS's residues are highly conserved and are
expected not to tolerate mutations, but in 1988 Grunstein and
associates16,17 demonstrated that some highly conserved residues
in H4 can tolerate mutations while maintaining functionality. In
light of Grunstein's findings the sequence dependence of HS activity
may not be as rigid as expected.
To determine HS's role in regulating transcription and its
sequence dependence, mutant and wild-type HS should be expressed
in living systems devoid of linker histones where any
transcriptional variations can be attributed directly to HS-
chromatin interaction. Yeast Saccharomyces cerevisiae provides a
linker histone free environment.3 The rapid generation time of this
simple unicellular organism makes yeast well suited for genetic
investigation. Since most of the yeast genome has been mapped and
tools are available for the manipulation and detection of altered
DNA, the utilization of yeast in genetic research progresses rapidly.
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Vectors containing either mutant or wild-type HS would be
introduced into yeast by the lithium acetate transformation method.
The expression of HS in vivo could be regulated by cloning HS under
the GAL10 promoter in a yeast shuttle plasmid. Histone HS would
only be expressed in the presence of galactose.
Wild type HS expression in yeast is expected to result in cell
death, although this did not occur for Shwed and associates.1 3
Shwed had cloned the HS gene under the GALlO promoter, and induced
cells that were growing in a glucose containing media with 20 mM
galactose during early exponential growth phase. Under these
conditions HS induction took 4 hours and the cells were already in a
non-proliferative state prior to induction. Instead, yeast
transformants should be grown on glucose containing media and
transferred to media where the sole carbon source is galactose.16 ,17
Transforments are replica plated onto media containing galactose
and are induced to produce HS from to on the new media. Induction
at to circumvents the problems associated with a lengthy induction
period and provides a rapid method for the identification of both
viable and non-viable mutants. If HS is functional, upon production
HS should terminate transcription and result in cell death. Only
transformants with inactive HS will proliferate.
Cloning CHKHS into yeast where induction will take place,
minimizes the amount of variability introduced into the test
conditions. When proteins are introduced into proliferating cells as
done by Allan and associates by microinjection11 the protein may be
impure, partially denatured, or modified.
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Plasmids pGEM3Z, pUC18, and pSL301 were chosen as CHKHS
vectors, because they contained polycloning sites, an ampicillin
resistance gene, and the LacZa gene. JM109 lacks the ampicillin
resistance gene, and has the LacZw gene, therefore the JMl 09 and
either pGEM3Z, pUC18, or pSL301 host-vector pair allow detection of
transformants.
Vectors were chosen that contained the a portion of the LacZ
gene, the amino-terminal fragment of a gene which codes for ~­
galactosidase. The a portion of ~-galactosidase is inactive as is the
w portion, the carboxy-terminal fragment of ~-galactosidase. Yet, if
a LacZa containing plasmid is transfected into a host with a LacZw
plasmid the enzyme becomes active in a process known as a-
complementation.18
~-galactosidase production can be exploited to distinguish
between host cells containing recombinant and nonrecombinant
vectors. Transforments are grown on agar plates lacking glucose
which inhibits LacZ induction. An IPTG-XGAL solution is added to
the agar. Isopropyl-l -thio-~-galactoside, a lactose analog, is a
nonmetabolizable inducer of ~-galactosidase and XGAL is a
noninducing chromogenic substrate of ~-galactosidase.18 Cleavage
of XGAL results in a blue color that makes ~-galactosidase
producing colonies detectable. White colonies grown on IPTG-XGAL
lack a functional LacZa gene and are recipients of recombinant
vectors. Since a polycloning site is embedded in the LacZa coding
region,18 any insertion disrupts the reading frame resulting in
defective ~-galactosidase production. a-complementation does not
22
occur after transfection and resulting colonies do not test positive
for ~-galactosidase activity.
Inserts for cloning were generated by PCR. PCR is an in vitro
technique to amplify DNA. The polymerization cycles consist of
three steps: DNA denaturing, primer-template annealing, and product
extension by polymerase.19,20
Amplification primers, BUP-CHKH5 and BLP-CHKH5 (Fig. 2, A
and B), were chosen to compliment the 3' terminal regions of CHKH5,
the target sequence. Primers CHKH5-Pacl and CHKH5-LP (Fig. 3, A
and B) were designed to compliment the amplification product and to
add restriction sites Pad and Kpnl to the H5 sequence. Flanking the
gene with unique restriction sites, facilitates the subcloning of the
wild-type gene with the mutants. Using the computer program
OLlG014 primer sequences were designed to optimize PCR results
while minimizing side reactions.
Since terminating a primer in a G or C can lead to
mismatching,20 these residues were avoided at the 3' end when
possible. Since the third position of a codon is the most variable
and the primer's 3' terminal base must match the template exactly,
all the primers were designed to terminate at the second codon
position. The 3' termini of the primers were not complimentary to
avoid dimerization, and primer concentrations were kept low during
PCR to avoid amplification of non-target sequences.
BUP-CHKH5 (Fig. 2A) was 65.2% GC while BLP-CHKH5 (Fig. 2B)
was 58.6% GC. Primer compositions deviated slightly from the
optimal 50% GC content,20 but by selecting the best annealing
temperature (Ta) CHKH5 production was maximized. The same
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gUidelines were followed in preparing the primers for PCR addition
of restriction sites, Pact and Kpnl, to CHKH5. The GC content for the
CHKH5-Pacl and CHKH5-LP (Fig. 3, A and B) were 44.0% and 61.5%
respectively.
Amplification of CHKH5 and the addition of the restriction
sites were carried out in separate PCRs, because there were 20
unmatched bases in the primers used to add the restriction sites. A
large number of unmatched bases can lead to non-specific annealing
or incomplete extension.20 When amplification of CHKH5 and the
addition of the restriction sites Pacl and Kpnl were attempted in the
same PCR no product was detected. Lane 2 of figure 5 illustrates
that when primers CHKH5-Pacl and CHKH5-LP are used with genomic
DNA product did not result, but when the same primers are used with
amplified H5 the reaction resulted in a detectable product (Lane 3).
The annealing temperature (Ta) for CHKH5 amplification from
genomic DNA was 44c{:, which is the melting temperature (Tm) for
primer BUP-CHKH5 (Fig. 2A). The Tm for primer BLP-CHKH5 (Fig. 2B)
is 49.2c{:. The optimal Ta is chosen as the Tm of the least stable
primer-template pair.20 The Ta is an important parameter in
optimizing the reactions purity and yield particularly when
amplifying from genomic DNA.' 9 An inappropriately low Ta will
result in non-specific annealing and an impure product. If the Ta is
too high, both purity and yield will decrease due to incomplete
annealing.19 The optimal Ta for the restriction site addition was
38.0c{:, the Tm for CHKH5-Pacl (Fig. 3B). The Tm for the CHKH5-LP
(Fig. 3A) is 46.4C{:.
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PCR was initiated at 80 ~ for 10 minutes, a "Hot Start." "Hot
Start PCR" prevents primers and templates from annealing until the
Ta is achieved21 ,22 increasing reaction specificity. "Hot Start PCR"
avoids the formation of reaction artifacts from nonspecific
annealing22 ,23 by melting partially annealed nonspecific 3' primer
ends preventing their extension.22 AmpliWax forms a heat labile
barrier between the reaction mix and a reagent necessary for
extension.21 AmpliWax prevents polymerization reagents from
mixing before the Ta is reached. Taq DNA polymerase and genomic
DNA were added after the "Hot Start". When genomic DNA was
added to the reaction mix prior to the "Hot Start" no product was
detected, but when added after the "Hot Start" reaction resulted in
product. Results are not shown.
Polyacrylamide gel electrophoresis of CHKH5 amplification
product from genomic DNA resulted in a single band between 527 and
622 base pairs (Fig. 4). The expected size of CHKH5 is 577 base
pairs which correlates with the resulting band. A single band at the
expected molecular weight indicates t at the extension of the PCR
products was complete. It also indic es that primers annealed to
the target site and not to non-speci ic sites, which would result in
band smearing. Reaction conditio were considered sufficient for
CHKH5 amplification and the PCR roduct was excepted as CHKH5.
Polyacrylamide gel electrophoresis of CHKH5 after the
addition of restriction sites yielding Pacl-CHKH5-Kpnl resulted in a
single band between 527 and 622 base pairs (Fig. 5). The product had
an expected size of 597 base pairs, which correlates with the
resulting band. Since only 0.018 fAg of CHKH5 was added to the
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reactiQR, the band should represent the higher molecular weight
product with restriction sites and not the template. A single band
indicates that extension was complete and that no significant side
reactions had taken place.
The PCR "post-treatment" of elongating the final extension
cycle from 2 minutes to 30 minutes was done to ensure that all
amplified molecules were completely extended,20 since DNA
concentrations are high enough to saturate the polymerase during
the final cycles.' 9 The suggested post-treatment of 10 minutes at
720C was increased to 30 minutes due to initially low yield. The
"post-treatment" also insured that the Taq DNA polymerase would
terminate extension with a single 5' nontemplated Adenine (A)
overhang.
DNA amplification by PCR using Taq polymerase generates
double stranded target DNA with a single nontemplated A at both 5'
ends.24 The addition of nontemplated nucleotides results because
Taq DNA polymerase lacks 3' to 5' exolJuclease activity.25 The
nontemplated residues can be exploited in T-A overhang cloning (Fig.
6).
Cloning by T-A overhang methods requires that a vector be
linearized by a restriction digest. Smal was chosen, because it
makes a blunt-ended cut in the polycloning region of all three
vectors (pGEM3Z, pSL301, pUC18). Once the vectors were linearized,
T-overhangs were added to vector 3' ends using Taq DNA polymerase
in the presence of dTIP.26
In order for the vector and the insert to be ligated, the 5' ends
of the vector must be dephosphorylated and the 3' ends of the insert
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•phosphorylated. Dephosphorylation was carried out by shrimp
alkaline phosphatase digestion, while phosphorylation of the insert
required T4 polynucleotide kinase.
After ligation the recombinant vectors were transfected into
JM109 cells by electroporation. The time constants for the
transformation are in Table 1.
Transfected Escherichia coli were detected by their ability to
grow in the presence of the antibiotic, ampicillin. JM109 lacks the
ampicillin resistance gene, therefore only successfully transfected
cells will grow in/on media containing ampicillin. Since cells grew
in ampicillin containing media, transfection was considered to be
successful. A majority of the colonies were still demonstrating 13-
galactosidase activity, blue colonies, indicating that only a fraction
of the vectors had been successfully cloned by the T-A overhang
method.
To increase the signal from recombinant vectors the
transformants' plasmids were digested with Smal with the
expectation that any non-recombinant vectors would be linearized.
Since the Smal site is destroyed by the insertion, recombinant
vectors are resistant to Smal digestion. Recombinant plasmids were
isolated by ethanol precipitation.
The resulting plasmids were retransfected into JM109 cells by
electroporation. The time constants for the transformation are in
Table 2. Cells were again screened for ampicillin resistance and 13-
galactosidase activity. The number of recombinant colonies greatly
increased after Smal digestion.
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Plasmid digestion with the restriction enzymes Pacl/Kpnl,
BglI, EcoRI/Hindlll, and Sacl/BamHI followed by 6% PAGE and 0.6%
Agarose gel electrophoresis were expected to yield fragments
containing the CHKHS insert. The results were inconclusive, because
restriction digests did not result in any fragments. Controls for
each plasmid resulted in the expected fragments for non-insert
plasmids. This would indicate that the restriction reactions were
performed correctly and that either the plasmids were protected
from digestion by some artifact of plasmid isolation or that the
plasmids expected to be in the sample were not present. Although
the possibility of sample contamination was minimized by screening
for ampicillin resistance and both white and blue colonies had
similar morphologies indicating that no contaminants were present.
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VI. CONCLUSIONS:
Genetic expression in multicellular organisms may be
, dependent on cellular development or tissue type. Repression of
gene activity by the "sequestration" of genes into higher order
chromatin structures may explain the diversity in gene
'//
expression.2,S Histone HS, a linker histone, condenses chromatin
into higher order structures making it inaccessible to transcription
factors. Histone HS's binding ability, therefore is a determinant
factor in gene regulation which would be affected by mutations.
Investigation of mutational effect on HS activity may provide
insight on gene regulation.
This research demonstrated that PCR could be successfully
applied to the amplification of CHKHS and other histones from
genomic DNA. The reaction conditions are crucial to the
amplification affecting the product purity. PCR can facilitate
subcloning techniques, if the primers are designed to add restriction
sites to amplified genes. Although the addition of restriction sites
and amplification reactions should be possible in a single reaction,
all attempts to perform the addition while amplifying CHKHS from
genomic DNA were unsuccessful. Therefore, we most conclude that a
large number of unmatched bases increases the difficulty of
amplifying genes from genomic DNA and that it is more efficient to
conduct the addition and amplification from genomic DNA in
separate PCRs. Separate PCRs will not only increase yield, but
purity as well by minimizing the opportunity for the primer to
misanneal.
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Since control vectors and expected recombinant vectors were
isolated/purified by different methods and the controls were
successfully digested by restriction enzymes while no fragments
resulted from th~ restriction digests of the recombinant vectors, it
is likely that digestion was inhibited by an artifact of the plasmid
isolation. In future investigation the recombinant vectors should be
isolated by the alkali lysis method,26 which was the method
employed for the control isolation and purification.
If after the alkali lysis method of plasmid recovery the
expected recombinant vectors are still undigestible, than either the
plasmids are being modified by JM109 making them resistant to
restriction enzymes or the expected plasmids are not present in the
cells. The latter case is made unlikely by the screening techniques
employed. The presence of ampicillin makes contamination less
likely and colony morphology is identical throughout the plates
indicating that contaminants are not present. It must therefore be
concluded that If plasmids prepared by the alkali lysis method are
unsuccessfully digested by the restriction enzymes, it must,
therefore, be concluded that T-A overhang cloning is responsible for
the problem. The cloning method can result in false positives for
recombinant vectors due to the alteration of non-insert-containing
vectors. Future investigations could use a blunt-end cloning
technique to avoid the problems associated with T-A overhang
cloning.
Improving our understanding of genetic regulation is dependent
on the investigation of histone H5, which regulates transcription by
"sequestering" genes into higher order chromatin structures.2,s By
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conducting research on HS binding specificity we can enhance our
understanding of protein-DNA interactions, and gene regulation. An
efficient method of investigation would include the study of point
mutations on HS's binding ability by subcloning mutant HS into
vectors and expressing mutant HS in systems lacking linker
histones. The experiments conducted in this research project
demonstrate that H5 can both be amplified from genomic DNA and
manipulated to facilitate subcloning by PCR. In future experiments
both mutant and wild-type CHKHS will be cloned into yeast shuttle
plasmids and expressed in yeast Saccharomyces cerevisiae.
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SEQUENCE OF CHICKEN HS GENE
5'- GCC ATG ACG GAG AGC CTG GTC CTA TCC CCA GCC
CCA GCC AAG CCC AAG CGG GTG AAG GCA TCG CGG
CGC TCG GCA TCG CAC CCC ACC TAC TCG GAG ATG
ATC GCG GCG GeC ATC CGT GeG GAA AAG AGe CGC
GGC GGC TCC TCG CGG CAG CAG TCC ATC CAG AAG
TAC ATC AAG AGe CAC TAC AAG GTG GGC CAC AAC
GCC GAT CTG CAG ATC AAG CTC TCC ATC CGA CGT
CTC CTG GeT GeC GGC GTC CTC AAG CAG ACC AAA
GGG GTC GGG GeC TCC GGC TCC TTC CGC TTG GeC
AAG AGe GAC AAG GCC AAG ACG TCC CCC GGG AAG
AAG AAG AAG GeC GTC AGG AGG TCC ACG TCT CCC
AAG AAG GeA GeG AGG CCC AGG GeC AGG TCA CCG
GCC AAG AAG CCC AAA GeC ACC GeC AGG AAG GCC
AGG AAG AAG TCG CGG GeA GeA AGe CCC AAG AAG
GeC AAG AAG CCA AAG ACT GTT AAG GCC AAG TCG
CGG AAG GeC TCC AAG GeC AAG AAG GTG AAG CGG
TCG AAA CCC AGA GCC AAG TCT GGC GCC CGG AAA
TCG CCC AAG AAG AAG TGA GCA GCC CGG - 3 '
Figure 1: Sequence of CHKHS.6,27 Bold bases represnts base
complements for primers BUP-CHKHS and BLP-CHKHS.
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A. Primer BUP-CHKH5
5'-GCC ATG ACG GAG AGC CTG GTC CT-3'
B. Primer BLP-CHKH5
5'-CCG GGC TGC TCA cn CTT cn GGG CGA TI-3'
FIGURE 2: Primers for the amplification of CHKH5 from genomic
chicken DNA. A. BUP-CHKH5 is 65.2% GC with an Ta of 44.3 OC. B.
BLP-CHKH5 is 58.6% GC with an Ta of 49.2 OC.
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A. Primer CHKHSLP:
S'-CCC GGT ACC TCA cn cn cn GGG CG-3'
B. Primer CHKHS-Pacl
S'-CGC nA An AAA TGA CGG AGA GCC T-3'
FIGURE 3: Primers for the addition of the restriction sites Pacl
and Kpnl to amplified CHKHS. A. Primer CHKHSLP. CHKHSLP is
61.5% GC with a Ta 46.4 CX:. B. Primer CHKH5-Pacl. CHKHS-Pacl is
44.0% GC with a Ta of 38.0 OC.
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Figure 4: Photograph of 6% PAGE of PCR amplification product of
CHKH5 using blunt ended primers BUP-CHKH5 and BLP-CHKH5. The
molecular weight marker consists of Mspl digest fragments. The
amplification product resulted in a band between 527 and 622 base
pairs.
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Figure 5: Photograph of 6% PAGE of PCR addition of restriction
sites Pact and Kpnl to amplified CHKH5 using the primers CHKH5LP
and CHKH5-Pacl. The molecular weight marker consists of Mspl
digest fragments. Lane 2: result of PCR in which genomic DNA was
used as the template. The reaction did not yeild product. Lane 3:
result of PCR in which amplified CHKH5 was used as a template a
band resulted in a band between 527 and 622 base pairs.
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Figure 5: Photograph of 6% PAGE of PCR addition of restriction
sites Pacl and Kpnl to amplified CHKH5 using the primers CHKH5LP
and CHKH5-Pacl. The molecular weight marker consists of Mspl
digest fragments. Lane 2: result of PCR in which genomic DNA was
used as the template. The reaction did not yeild product. Lane 3:
result of PCR in which amplified CHKH5 was used as a template a
band resulted in a band between 527 and 622 base pairs.
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Figure 6: T-A overhang cloning. 1. Vectors are linearized with Sma1.
II. A single T is added to the 3' ends of blunt-cut vector DNA by Ta,
DNA polymerase and dTTP. IlIa. Gene is amplified by PCR. IIIb.
Thirty minute extension adds an untemplated A to each 3' end of
amplification product. IV. The untemplated As and Ts base pair,
facilitating ligation. Adapted from Current Protocols in Molecular
Biology 15.7.2.(26)
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ELECTROTRANSFORMATION TIME CONSTANTS
FOR JM109
TRANSFORMENT
DESIGNATIONS
39.1
39.2
39.3
39.4
39.5
VECTOR
pGEM3Z
pGEM3Z
pGEM3Z
pSL301
pUC18
TIME CONSTANT
3.8sec
ARC
4.6sec
3.8sec
4.6sec
TABLE 1: Transformation times for JM 109 cells with recombinant
vectors.
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TIME CONSTANTS FOR THE RETRANSFORMATION OF JM 109
WITH Smal DIGESTED RECOMBINANT VECTOR MIX
TRANSFORMENT
DESIGNATIONS
39.6
39.7
39.8
VECTOR
pGEM3Z
pSL301
pUC18
TIME CONSTANT
3.8sec
3.8sec
4.6sec
TABLE 2: Time constants for the retransformation of recombinant
vectors after vector mix was digested with Smal to linearize
nonrecombinant vectors increasing the recombinant signal.
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